1. Introduction
===============

Radiotherapy can occasionally be complicated by adverse effects such as dermatitis, radiation-induced ulcers and osteoradionecrosis. The incidence of chronic radiation-induced chest wall ulcers is about 25 to 30%. There were many risk factors such as the doses, time and self-condition. The regimens of radiation being more than 70Gy/7 week/30 times could cause such ulcers. These radiation-related complications are difficult to treat, because radiation reduces blood supply, induces fibrosis and directly impairs cellular repair potential in irradiated tissues. Decreased angiogenesis and persistently high concentrations of matrix metalloproteinase, which reflect a hostile molecular environment for cell replication after injury, have been found in irradiated tissues.^\[[@R1]--[@R4]\]^ Usually, ulcers tend to improve and heal with adequate local wound care. However, radiation-induced ulcers tend to progress and worsen due to the underlying ischemia, accompanying infection and lower viability of granulation tissues.^\[[@R5]\]^ Patients who have undergone radiotherapy after breast cancer surgery often develop chronic radiation-induced ulcers of the chest wall, which subsequently becomes infected. Chronic radiation dermatitis can last for months or years with continuous suppuration. Furthermore, conservative therapies are often ineffective in these patients. Moreover, simple skin grafting often fails due to the poor state of the wound bed. With advancements in microsurgical reconstruction and the wider availability of tissue flaps, free-tissue transfer has become a common and reliable method for treating radiation-induced ulcers.^\[[@R6]--[@R8]\]^ The application of microvascular free-tissue transfer allows the surgeon to select tissues that are most suitable for the size and shape of the defect. However, in some patients, an acceptable recipient vessel could not be found near the irradiated area, such as when ulceration occurs in atrophic areas.^\[[@R9],[@R10]\]^ Thus, the optimal reconstruction method varies among individuals, and depends on the functional and esthetic conditions of each case. The key points for the successful reconstruction of radiation-induced ulcers are complete resection of the affected tissue, followed by coverage with a well-vascularized tissue. It should be noted that even with the grafting of a well-vascularized tissue, infection and necrosis often occur postoperatively, and can result in treatment failure.

The surgical reconstruction of radiation-induced ulcers can be performed as a 1-stage or 2-stage procedure. The former is more rapid, but is also more prone to complications, while the latter is safe, but requires repeat anesthesia and operation. The purpose of the present study is to retrospectively review our 10-year experience with radiation-induced ulcers of the chest wall. We sought to compare patients who underwent single-stage reconstruction with patients who underwent 2-stage reconstruction for radiation-induced necrotic ulcers of the chest wall.

2. Patients and methods
=======================

2.1. Patients
-------------

This retrospective study comprised of 50 women with chronic radiation-induced ulcers, who underwent treatment at the Shanghai Ninth People\'s Hospital Affiliated to Shanghai Jiaotong University between January 2004 and January 2016 (Table [1](#T1){ref-type="table"}). All patients received radiotherapy for breast cancer. Patients who developed ulcers within 3 months after radiotherapy were excluded from the present study, because of the edema and swelling generally still existing. These patients were divided into 2 groups based on the reconstruction method: group A, 1-stage reconstruction; group B, 2-stage reconstruction. The present study was approved by the Research Ethics Committee of Jiaotong University (Shanghai, People\'s Republic of China; Approval number: RL2016098347), and written informed consent was obtained from all patients. All postoperative complications and follow-up outcomes were analyzed and compared between these 2 study groups.

###### 

Patient demographics and clinical data.
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2.2. Preoperative preparations
------------------------------

### 2.2.1. General condition

In all patients, the chronic radiation-induced ulcer was accompanied by severe infection, water and electrolyte imbalance, and anemia. Before the reconstruction surgery, patients were treated to induce their white blood cell count and hemoglobin levels (\>100 g/L) to return to the normal range. Preoperative albumin level was required to be at least 35 g/L. Patients with chronic anemia were given blood transfusions. These preoperative preparations were undertaken to minimize postoperative complications.

2.3. Preoperative pulmonary function
------------------------------------

Preoperative pulmonary function largely determines the duration of postoperative mechanical ventilation and the incidence of pulmonary complications. In the present study, preoperative forced vital capacity (FVC) and forced expiratory volume in one second (FEV~1~) were required to exceed 60% of the predicted value, and the FEV~1~/FVC ratio was required to exceed 50%. Arterial blood gas analysis was performed for all patients. Chest computed tomography was performed to evaluate the infection status and ulcer, and plan the operation, if required.

2.4. Multidisciplinary approach
-------------------------------

Thoracic surgeons and plastic surgeons discussed each case to anticipate potential intraoperative complications, and jointly developed an operative plan for each patient. The eligibility of each patient for defect repair with free flaps or rotation flaps was carefully evaluated. Preoperative CT angiography is useful to design omental flap. In some patients, multiple flaps were planned. If the 1st flap was found not to be appropriate during the operation, the standby flap was used.

2.5. Surgical procedure
-----------------------

Before surgery, the ulcer was managed with daily wound dressings. Tissue samples from the ulcer tissue were collected preoperatively, and subjected to bacterial culture and antibiotic-sensitivity testing, which is prepared for the choice of post operative antibiotics. Patients in group A underwent debridement and reconstruction with different types of tissue flaps in a single-stage procedure, while patients in group B underwent wide local debridement and omentum majus tamping in the 1st stage. The omentum majus was pulled through a subcutaneous tunnel from the abdomen to the thorax using the open approach. This tunnel was made to be spacious enough to preserve the blood supply of the omentum majus. Occasionally, a metal plate is used for chest cage fixation and a titanium meshed graft is placed over the omental flap, when the ulcer area was more than 6 × 6 cm^2^. In the 2nd stage, which was approximately 2 weeks after the 1st stage, patients underwent surgical reconstruction with flap transfer or skin grafting, depending on the status of the granulation tissue (Figs. [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}).

![A 55-year-old patient from group B who had chronic radiation-induced ulcer for 3 years.](medi-98-e14567-g002){#F1}

![(**A**) The 1st stage of surgery: debridement and omentum majus flap transplantation. (**B**) The 1st stage of surgery in another patient.](medi-98-e14567-g003){#F2}

![Two weeks later, the omentum majus flap was well--vascularized.](medi-98-e14567-g004){#F3}

![The 2nd stage of surgery: skin grafting.](medi-98-e14567-g005){#F4}

2.6. Follow-up
--------------

All patients were followed up for 10 years. The clinical data of patients from our center during the 10-year period were collected and reviewed to evaluate for complications, surgical outcomes, and short-term and long-term prognoses. Data obtained from regular 3-month follow-up visits and phone calls were combined. Furthermore, the duration and cost of hospitalization between these 2 groups were compared.

2.7. Statistical analysis
-------------------------

Statistical analyses were performed using SPSS 19.0 (SPSS, Chicago, IL). The results were expressed as mean ± standard error. Two-sided *P*-values were calculated, and a probability level of .05 was chosen for statistical significance. The Logistic regression analysis were used to determine which factor is more important for prognosis.

3. Results
==========

The age of patients in the entire study cohort ranged within 45 to 70 years old (mean: 55 years old). The area of the ulcer ranged from 3 × 5 cm^2^ to 8 × 10 cm^2^. These patients were followed up for 48 to 55 months (mean: 50 months; Table [1](#T1){ref-type="table"}). There were no significant differences between groups A and B in terms of general patient characteristics such as age. One patient in group A died of septicemia, 5 days after the operation. Overall survival was 98%. There were no patients suffered the malignant transformations and local recurrences. The average length of hospital stay was significantly shorter in group A (12.5 days) than in group B (21.7 days) (*P* = .001). Similarly, the average hospitalisation cost (in US dollars) was lower in group A than in group B (8465 ± 138 vs 14,710 ± 598; *P* = .02). There were 70% patients received full thickness resections and 30% received partial thickness resections. There were no postoperative problems related to thoracic stability such as paradoxical breathing and expiratory dyspnea in either of the groups. In group A, 2 patients developed heart failure after the operation, and 1 patient had respiratory insufficiency, which required ventilator support for 1 week. Many bacterial species were detected in the wound tissue samples from both groups, including methicillin-resistant *Staphylococcus aureus* and *Pseudomonas aeruginosa*. Antibiotics were prescribed based on the results of the culture and sensitivity tests. The incidence of subcutaneous hydrops due to infection was higher in group A than in group B (10/25 vs 2/25; *P* = .001). Six patients in group A developed flap infection. Among these patients, 4 patients progressed to flap necrosis (6/25 vs 0/25; *P* = .000). These 4 patients required reoperation to change the flap (Table [1](#T1){ref-type="table"}). We built the Logistic regression model and put many factors such as operation stages, types of flaps, age, and cooperation into together. The result showed that the operation-stage is the most important factor to the prognosis.

4. Discussion
=============

This study compared the outcomes of 1-stage vs 2-stage reconstruction surgery, in order to determine the optimal reconstruction method for breast cancer patients who developed chronic radiation-induced ulcers of the chest wall. The findings revealed that the 2-stage procedure was associated with significantly better outcomes and few complications, compared to the 1-stage procedure.

Radionecrosis of the chest wall is a severe delayed complication of radiotherapy, and is most commonly found in patients undergoing irradiation following mastectomy. This condition sometimes presents as an intractable infectious ulcer complicated with the degeneration of the chest wall, including the skin, soft tissue and bony thorax.^\[[@R11]--[@R13]\]^ Chronic radiation-induced ulcers of the chest wall secondary to radiotherapy for breast cancer, lymphoma, primary tumors of the chest wall, or other malignant tumors are invariably challenging to treat. When a patient develops a wound in an irradiated lesion, biopsy and histological examination must be performed immediately to rule out a recurrent tumor. Patients with radiation-induced ulcers should initially be treated with narcotic analgesic agents, antibiotics, debridement and local care. However, these conservative therapies are often ineffective. Recently, due to technological advancements in radiotherapy, the incidence of radiation-induced chest wall necrosis has decreased. However, chronic ulcers due to radiation-induced damage are still encountered in clinical practice.^\[[@R14]\]^ Moreover, these patients are usually infected, resulting in poor prognosis.

Many surgical procedures have been used to reconstruct the chest wall.^\[[@R15],[@R16]\]^ Several years ago, negative pressure wound therapy was used to cure those ulcers, which was limited to the area and locations. Of course, the hospital stay was longer. Some authors have repaired radiation-induced ulcers of the chest by inserting tissue expanders in non-irradiated adjacent skin. The advantage of this approach is to avoid extensive surgery and functional defects that result from flap harvesting. Furthermore, the expanded skin is expected to provide well-vascularized tissues for irradiated wounds with complications such as flap necrosis.^\[[@R17],[@R18]\]^ However, complications continue to occur, including necrosis of the skin and surgical failure. Generally, the reconstruction of radiation-induced ulcers includes both bone and soft tissue repair. However, in the present study, none of these patients required osseous reconstruction.

Operation could be considered the best method by surgeons. Many doctors prefer to debride and repair the defect simultaneously in a single-stage procedure.^\[[@R11],[@R19]--[@R22]\]^ Mansour et al^\[[@R11]\]^ reported that 1-stage reconstruction is adequate for a variety of major chest wall defects. However, their study did not include patients with radiation-induced ulcers with necrosis and infection. The advantages of a single-stage operation include lower hospitalisation costs and duration, and the avoidance of repeat anesthesia induction and reoperation. However, in the present study, single-stage reconstruction was associated with a significantly higher rate of postoperative complications, compared to 2-stage reconstruction (Table [1](#T1){ref-type="table"}). The likelihood of operation failure and complications such as infection and flap necrosis were higher in group A than in group B. Due to inadequate preoperative preparation and failure to control the infection, one patient died of septicemia. In addition, 4 patients in group A developed flap necrosis, which necessitated reoperation. Thus, it was considered that a 2-stage operation is the optimal treatment choice for radiation-induced ulcers. The therapy for chronic ulcers differs from general chest wall tumor resection, which tends to be performed as a single-stage procedure. Unlike chest wall tumors, chronic ulcers are often accompanied by severe infection, immune suppression and poor general condition. Therefore, in the case of chronic ulcers, it is not advisable to perform reconstruction early when active infection may still be present. Furthermore, the investigators considered that it is not necessary to complete the operation in 1 stage for patients with chronic radiation-induced ulcers. In the experience of the investigators, debridement and construction should be performed in a staged manner. The aim of the 1st stage is meticulous debridement, which ensures the complete removal of necrotic tissues, infection control and nutritional support. After the infection has been controlled and the wound surface has healed satisfactorily, the 2nd stage of reconstruction can commence.

It has been commonly considered that auto-grafts are the best material for body repair. Hence, surgical reconstruction should be performed with the patient\'s own tissue as far as possible. For patients with infections, the application of artificial materials to cover the wound tends to result in surgical failure and more complications, and is thereby not recommended.^\[[@R23]\]^ The investigators consider that the best choice of graft material in patients with radiation-induced ulcers is the omentum majus flap. The omentum majus performs many functions such as bacterial and foreign-body phagocytosis, resistance to infection, vascularization, lymph drainage and the promotion of wound healing. The investigators recommend that chronic radiation-induced ulcers be reconstructed using omental flaps to repair the wound in the 1st stage. However, in these patients, necrotic tissue may persist even after debridement, facilitating bacterial growth. Therefore, the omentum majus flap should be used to fill in the wound and eliminate the dead space. Approximately 2 weeks after debridement and omentum majus flap transplantation, skin grafting or another flap transplantation should be performed to cover the wound (Figs. [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}).

The ultimate outcome of surgery depends on several factors. At present, chest wall resection and reconstruction is nearly always performed by thoracic surgeons. However, thoracic surgeons may lack the experience in selecting and applying tissue flaps. Hence, the investigators collaborated with plastic surgeons throughout the patient-management process, from preoperative consultation to surgical treatment. In the present study, debridement was mainly performed by thoracic surgeons, while reconstruction was mainly performed by plastic surgeons, which resulted to satisfactory surgical results. So, the confounding factors could influence the prognosis of patients. For example, the different flaps or flap-rotation technique could affect the result. From the Logistic regression analysis, we found 2-stage operation still was the most important factor.

In conclusion, it was considered that 2-stage reconstruction is the optimal surgical method for patients with radiation-induced ulcers. The aims of the 1st stage are debridement, infection control and improvement of the patient\'s general condition. Reconstruction should be performed in the 2nd stage.
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